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(54) Touch probe 

(57) A touch probe has a stylus holder 16 which is 
supported on a radially extending flange 14 in a kine- 
matic seat comprising pairs of balls 20 supporting rollers 
24. To avoid the use of glue to fix the balls in position, 
the balls are located and clamped in recesses 22 on 
flange 14. Clamping pressure is provided by a plug 30 
which is forced towards the flange by rolling a lip 54 over 
the protruding end of the plug. Other alternative con- 
structions for providing the clamping force are de- 



scribed. An electrical circuit through the balls for produc- 
ing a trigger signal includes a flexible member 40 on 
which electrical conducting elements 44 are formed. 
The member is positioned on the flange to overlie the 
recesses so that it is deformed into the recesses when 
the clamping force is applied. By making use of the 
clamping force in this way good electrical connections 
between the balls and the conducting elements is en- 
sured and the need to connect wires to the balls is avoid- 
ed. 
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Description 

[0001] The present invention relates to touch probes 
of the type having a stylus which is mounted in a seat 
within the probe and is biased into the seat by a spring. 
The probe is mountable on the arm of a machine and 
movable towards a workpiece in order to drive the stylus 
into contact with the workpiece. Upon contact with the 
workpiece the stylus is deflected from its seat against 
the action of the bias means and this movement gener- 
ates a signal which is passed to the machine so that the 
machine can record the instantaneous position of the 
arm of the machine on which the probe is mounted at 
the moment that the signal arrives. 
[0002] One form of such touch probe is known from 
our US Patent No. 4,153,998, which describes, inter 
alia, a probe in which the stylus is screwed into a stylus 
holder, and the stylus holder is supported in a kinematic 
seat by three radially extending arms spaced at 120° 
around the axis of the stylus. The kinematic seat is pro- 
vided by the vee notches defined between a pair of 
closely spaced balls which are glued into sockets on the 
housing of the probe in such a way that the glue forms 
an insulating barrier between the balls and the housing. 
The balls are wired in series in an electrical circuit which 
is only completed when all three arms are seated in the 
vee notches defined by the balls, thus bridging the gaps 
between the balls. 

[0003] The gluing of the balls into the sockets and the 
wiring of the individual balls in the electrical circuit are 
time consuming operations which add to the cost of the 
probe, and can give rise to other problems. For example, 
the presence of the glue can give rise to inaccuracies 
during operation of the probe if there are any significant 
temperature changes. Also the wiring can be a source 
of failure of the probe as individual wires can become 
broken or dislodged from the balls in use. 
[0004] The present invention seeks to remedy one or 
more of these defects in a probe. 
[0005] Examples of probes according to the present 
invention will now be described with reference to the ac- 
companying drawings in which: 

Fig 1 is a cross-sectional elevation through one em- 
bodiment of a probe in accordance with the present 
invention, 

Fig 2 is a cross-section on the line IN! of Fig 1 , of 
an assembled probe, 

Fig 3 is a plan view of a flexible conducting element 
for use within the probe, 

Fig 4 is a plan view of an alternative form of con- 
ducting element, 

Fig 5 is a view similar to Fig 2 of a probe incorpo- 
rating an alternative form of flexible conducting el- 
ement, 

Fig 6 is a part-sectional elevation of a probe featur- 
ing a further embodiment of the invention, 
Fig 7 is a view on the line A-A of Fig 6, 



Fig 8 is a plan view of a probe of the present inven- 
tion assembled in a tool setting arm, and 
Fig 9 is a side elevation of the probe shown in Fig 6. 

[0006] Referring now to Figs 1 and 2 of the drawings, 
the probe has an outer housing 12, preferably made of 
steel, and which has a radially inwardly directed annular 
flange 1 4. Mounted within the housing is a stylus holder 
16 to which is connected an elongate stylus 18 having 
an axis 1 8A which is coincident with the longitudinal axis 
of the housing. 

[0007] The stylus and part of the stylus holder pro- 
trude from the housing in the direction of the axis 18A 
though an opening 20 at one end of the housing, so as 
to be able to contact or be contacted by a workpiece or 
tool when relative movement takes place between the 
probe and the workpiece or tool. 
[0008] Six recesses 22 are formed in the flange 14 
and are open in the direction facing away 1rom the open- 
ing 20. The recesses are arranged in pairs, and the pairs 
are spaced apart at 120° around the axis 18 A. The re- 
cesses are adapted to receive balls 20, and may be of 
any convenient shape for example conical or triangular, 
whereby when the ball is received in the recess it re- 
mains in a stable position and is kinematically support- 
ed. The spacing of the balls within each pair is such that 
they may be bridged by, and form a stable seating for, 
a roller 24 carried by the stylus holder 16. 
[0009] The rollers 24 are fitted in holes 26 in the stylus 
holder spaced at 120° around the axis 18A, and the 
holes are initially lined with a plastic insert 28, which may 
be split along its length, and into which the rollers are 
pressed. 

[0010] The balls are both located and clamped into 
their respective recesses by means of an open-ended 
cylindrical plug 30 made out of hard plastic. In the an- 
nular surface at its open end : the plug has six appropri- 
ately spaced recesses 32, which in the assembled 
probe, fit over the balls. Also, at its open end, the plug 
30 is formed with three elongate slots 34 which act as 
guides for the rollers 24 as the stylus holder tilts and is 
moved vertically by forces acting on the end of the sty- 
lus. 

[0011] The stylus holder is biased into a neutral posi- 
tion, when no force is applied to the stylus, by means of 
a spring 36 which produces a force in the direction of 
the axis 18A to urge the rollers into the seats formed 
between the balls 20. 

[0012] In orderto enable the probe to produce a signal 
when the stylus is deflected either by tilting or vertical 
movement, the balls are electrically connected in series 
to form a circuit which is completed by the rollers making 
contact with both balls in each pair. 
[0013] The balls are made from a hard electrically 
conducting material, for example steel or tungsten car- 
bide, and they must therefore be insulated from the steel 
body where they make contact with the steel body in the 
recesses 22. 
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[0014] The insulation of the balls from the body, and 
the serial interconnection of the balls into an electrical 
circuit are achieved in a novel way in accordance with 
one embodiment of the invention by the use of a thin 
flexible electrically conductive element 40 made in two 
layers. One of the layers 42 is formed from an insulating 
material, and the other layer 44 is part-annular and is 
formed from an electrically conductive material. Many 
-combinations-of-material.would-be-suitable-for-the-flexr„ 
ible element but in the pref erred embodiment described 
herein, the element is made of thin plastic 42 with a thin 
coating 44 of copper on one side to form the part-annu lar 
electrically conducting areas, as shown in Fig 3. 
[001 5] During assembly of the probe, the annular thin 
element is positioned on the annular flange 14 with its 
insulating side in contact with the flange, and with the 
conducting areas positioned over the recesses 22. The 
balls are received in the recesses 32 in the plug, and 
the plug is then pressed into position by exerting a 
clamping force on the opposite end of the plug. 
[0016] The clamping force on the balls deforms the 
areas of the flexible member 40 which lie under the balls 
into the recesses 22 and provides for good electrical 
contact at the balls as well as a stable seating of the 
balls. To assist the stability of the seating of the balls on 
the member 40 in the recesses, the flexible member 
may be provided with six shaped cut-outs 46 which pro- 
vide three flaps 49 (shown in Fig 4) which fold into the 
recesses under the clamping pressure, ensuring that 
each ball rests on three points within each recess. 
[0017] The invention is not limited to the embodiment 
described with reference to Figs 1 to 4. In another em- 
bodiment the body part 1 2 or at least the flange 1 4 there- 
of, is made from aluminium which is then anodised to 
form an insulating layer on which a thin sheet made of 
any suitable electrically conducting material can rest or 
be deposited directly. Alternatively, the body part 12, or 
at least the flange 14 thereof, may be made from a rel- 
atively rigid, non-conducting plastic or ceramic material. 
With these alternatives it is also possible to arrange that 
the thin part-annular conducting member lies on top of 
the balls, the stable positioning of the balls and the re- 
quired electrical contact force being maintained by the 
clamping force. In such an embodiment sufficient areas 
of the balls will need to be exposed so that the rollers 
24 can make electrical contact therewith. 
[0018] An example of this arrangement is shown in 
Fig 5 in which, using the same reference numerals for 
parts identical with those of earlier figures, the flexible 
metal element 50 is shown in four main pieces 50a,50b, 
50c and 50d joined by four insulating connectors 52a, 
52b,52c,52d, which by-pass the ends of the rollers 24. 
The metal element 50 is positioned on top of the balls 
22 and is pressed into good electrical contact with them 
by the clamping plug 30. 

[0019] The clamping force may be exerted in various 
ways but in the preferred embodiment a lip 54 on the 
end of the housing is rolled over to force the plug down- 



wardly into the probe housing. 

[0020] The clamping force may, alternatively be pro- 
vided, for example, by a threaded end cap, which 
screws onto the body to exert pressure on the plug 30, 
s by a spring force supplied by a spring between the plug 
and an end wall of the housing, or by mounting an end 
plate onto the housing by means of screws to compress 
the plug. 

[0021]— ln.order„to.complete.the_electricaLcircuit.tothe..„ 

10 outside of the probe, two contact pins 56 are pressed 
through the hard plastic plug 30 and their conducting 
ends are pressed into contact with opposite ends of the 
metallic conducting element. 

[0022] Figs 6 and 7 show a further embodiment of the 
is invention in which the accurate location of the balls 20 
achieved by shaping the recesses 32 in the member 30. 
For example, as shown in Fig 6, the recesses may be 
conical whereby when the clamping force is applied 
each ball becomes accurately and repeatably located. 
20 [0023] Part of each ball surface protrudes into the slot 
34 in member 30 in which the rollers 24 are loosely guid- 
ed, whereby the rollers are movable during operation of 
the probe to seat on, and unseat from, the surfaces of 
the balls. In this embodiment the electrically conductive 
25 element needs only to be sufficiently deformable under 
the clamping pressure to ensure good electrical contact 
with the balls, and the surface of the flange to which it 
is applied is non-conducting. 

[0024] Once again therefore the clamping force pro- 
30 videsforthe accurate location of the balls, without gluing 
and for good electrical contact between the conducting 
element and the balls without requiring wires. 
[0025] The conductive element may take many forms 
and need not be required to deform as is shown in Figs 
35 1 to 4. For example, in the Fig 5 embodiment and the 
Fig 6 embodiment there is no requirement for the con- 
ductive element to deform into ball-recesses, and it can 
thus be made thicker and less flexible. Other 1orms of 
conducting element may therefore include a simple me- 
40 tallic strip, with cut-outs to prevent shorting between the 
balls 22 and with or without an insulating layer, depend- 
ing on whether or not it is in contact with an insulated 
part of the probe assembly. 

[0026] Although the seating elements and support el- 
45 ements are shown respectively as balls 20 and rollers 
24, other known combinations of balls or rollers could 
be used instead. 

[0027] Although the assembly method described 
above can be used to construct probes for any purpose, 

50 the present preferred embodiment is particularly con- 
cerned with a toolsetting probe. In such a probe as 
shown in Figs 6 and 7 the stylus has a square tip 58 
screwed into the free end thereof. The probe is adapted 
to be mounted into a toolsetting arm 60. 

55 [0028] Referring now to Figs 6 and 7. The probe is 
pressed into a bore 62 in the end of the arm, and abuts 
against an end flange 64 in the bore. The bore 62 is 
shaped to provide two surfaces 66,68 on opposite sides 
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of a diametral line 70, which are contacted by the probe 
body to provide a lateral support. The surfaces may be 
formed in any convenient manner and may be flat sur- 
faces formed as sides of a vee-groove, or, as shown in 
the preferred embodiment of Fig 6, are edges formed 
as a result of cutting out a profiled section 65 from the 
wall of the bore. The surfaces 66,68 extend substantially 
the full length of the bore to prevent tipping of the probe 
during adjustment of the probe tip as will be described 
below. 

[0029] The external surface of the probe is provided 
with two vee-notches 72,74 which have side surfaces 
76,78,80 and 82 approximately at right angles. The vee- 
notches are provided symmetrically on opposite sides 
of the diametral line 70 and each has one of its surfaces, 
76 and 82 respectively, aligned in a plane normal to the 
diametral line 70. 

[0030] A pair of flat ended grub screws 84,86 are pro- 
vided which screw into th readed holes 88,90 in the body 
of the arm 60 such that their flat ends can be brought 
into contact with the surfaces 76 and 82 of the vee- 
notches 72,74. 

[0031] When the probe is assembled with the arm on 
a machine, it is initially positioned with the sides of the 
square tip 58 of the stylus aligned as nearly at possible 
with the x and y axes of the machine, by aligning marks 
on the probe body with marks on the arm. A fine adjust- 
ment is then made using a dial gauge indicator attached 
to the machine, by screwing the grub screws 84,86 onto 
one or other of the flat faces 76 and 82 which will rotate 
the probe about its longitudinal axis 18A in either direc- 
tion to align the stylus tip with the machine axes. During 
this rotation the probe body slides on the surfaces 66,68 
without tipping. 

[0032] When the dial gauge shows that the alignment 
of the stylus tip is correct, both of the grub screws are 
tightened down to lock the probe in position against the 
surfaces 66,68. 



Claims 

1 . A touch probe including: 

a stylus holder (16) to which a workpiece-con- 
tacting stylus (18) is connectable, 
seating elements (20) within the probe, 
support elements (24) on the stylus holder 
which cooperate with the seating elements to 
locate the stylus holder within the probe, 
an electrical circuit which includes the seating 
elements (20), which is completed when the 
support elements (24) are in contact with all of 
the seating elements, and which is broken 
when one of the support elements loses contact 
with one of the seating elements, characterised 
in that, 

the probe further comprising electrical conduct- 



ing elements (44;50) forming part of the electri- 
cal circuit positioned to interconnect the seating 
elements, and a clamp (30,54) which applies 
clamping force to clamp the seating elements 
5 in position and to urge the seating elements and 

the electrical conducting elements into electri- 
cal contact with each other. 

2. A touch probe according to claim 1 characterised in 
10 that the probe has a housing (12) and a flange (14) 

extending inwardly therefrom, the seating elements 
and support elements co-operating to locate the 
stylus holder on the flange, the clamp comprising a 
plug (30) which is forced towards the flange. 

15 

3. A touch probe according to claim 2 characterised in 
that the flange (14) has an electrically conducting 
surface, and the electrically conducting elements 
comprise a part-annular metallic strip (44) formed 

20 on an insulating backing layer (42) positioned on the 
flange with the backing layer in contact with the 
electrically conducting surface of the flange. 

4. A touch probe according to claim 2 characterised in 
25 that the flange has an electrically non-conducting 

surface and the electrically conducting elements 
comprise a part-annular metallic strip (40) applied 
to the electrically non-conducting surface of the 
flange. 

30 

' 5. A touch probe according to claim 3 characterised in 
that the seating elements (20) are made from an 
electrically conducting material, the electrically con- 
ducting surface of the flange (14) Is provided with 
35 recesses (22) for locating the seating elements, the 
electrically conducting elements (44) are positioned 
to overlie the recesses and are deformed by the 
seating elements into the recesses when the clamp- 
ing force is applied by the clamp. 

40 

6. A touch probe according to claim 4 characterised in 
that the seating elements (20) are made from an 
electrically conducting material, and the electrically 
non-conducting surface of the flange (14) is formed 

45 with recesses (22) for locating the seating ele- 
ments, the electrically conducting elements com- 
prise a part annular metallic strip (50) formed in sec- 
tions (50a,50b,50c,50d) joined by non-conducting 
connectors (52a,52b,52c,52d) and positioned so 

50 that they at least partially overlie the seating ele- 
ments. 

7. A touch probe according to claim 2, characterised 
in that the seating elements (22) are made from an 

55 electrically conducting material, the plug (30) is 
made from an electrically non-conducting material 
and is provided with recesses (32) for locating the 
seating elements, the flange (14) has an electrically 
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non-conducting surface, and the electrically con- 
ducting elements comprise a part-annular metallic 
strip (40) applied to the surface of the flange. 

8. A touch probe according to claim 2 characterised in 5 
that the clamping pressure on the plug (30) is pro- 
vided by a lip (54) on the end of the housing which 
is rolled over to force the plug towards the flange. 
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(54) Touch probe 

(57) A touch probe has a stylus holder 16 which is 
supported on a radially extending flange 14 in a kine- 
matic seat comprising pairs of balls 20 supporting rollers 
24. To avoid the use of glue to fix the balls in position, 
the balls are located and clamped in recesses 22 on 
flange 14. Clamping pressure is provided by a plug 30 
which is forced towards the flange by rolling a lip 54 over 
the protruding end of the plug. Other alternative con- 
structions for providing the clamping force are de- 
scribed. An electrical circuit through the balls for produc- 
ing a trigger signal includes a flexible member 40 on 
which electrical conducting elements 44 are formed. 
The member is positioned on the flange to overlie the 
recesses so that it is deformed into the recesses when 
the clamping force is applied. By making use of the 
clamping force in this way good electrical connections 
between the balls and the conducting elements is en- 
sured and the need to connect wires to the balls is avoid- 
ed. 
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